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_ _ i a%_ the highest spe_xls'; however, even at transonic speeds bnth theory and win<t-
(/ / _-

- 2 tunnel offer poor &_'tdan_ for configurations that encounter seF_ration.

3_. _Related _n some d. -tee to the abil_ty to test in the actu81 enviroi_nent is

e _ " the ab_llty 'to encounter new or overlooked phenomena. This usually occurs near

_ 9 : :the extremes of perfolmmnce or as a result of a dy:.l_micphenomena which has been

$ 6 inadequately analyze2. It is much more usual to find overlooked ,mDif_stations

7 of old problems tha, to find qompletely new problem areas. An example of such

_ 8 a ph6nomenon is _nertlei coupling whi-zh was predicted (ref. !) on _he basis of

<'_--:9 q_Tl_mics_ears before,it was .ncounterex_ li'iactual fl'gl.t. .Its ex_._tence and L

+S r :
:-it>- • - _

. ln_ortance, however, w,:re not recogni_.ed dnt]i :t:.ha_ caused the near loss of
Q " _ • .:3

_ ii several slr_._ft (r-.-f.2). _hiiiL-'zI'i___i"ii_ic res,-ai'<:haie:o pro';ides the

: 1"2 oppoz_t_ty to obtain _ru_o_tio:, On the- ma,m_r _n wl _-n aic:_a'_'tar_ thei_

• "Ik _re designed. Such re__,a_..h is usually _czt a£_!icab_e to stmlz*urai and l_ads

,z 19 criteria. H_evef, in Some inze_2nees, for exam_!_: inertial _.'anI,l'n_ and

16 _pltch-i_p, suth info..-mat_on is nec,-.ssa.*7To _st._ili=h the -'_.mT_or+:_nc_-of _ ,_

_-_ 17 prob/:_. In _the," caso=_ such r_searc_._.nay ._ha_e thv or, era' ]orml basis on , '_
:-

_ 18 which a=4yst_m, such as a landing ,,,_-v_-'_.'_-__,, is 4esJ_ued. I;_ this regard,..fiigilt -

i9 9e_earc_-also ser</es a_ a mean._ of _am]_,!inc th,- ac.tual ,znvironment toze_tablish i
.2

_ _0 such env_ro._._ntal desi_,n factors as turbulen:'_e_ a_mospheri?'composition, and

-_ , i . t, 7

_. _i radlst!_n. (_]lel'appli:,at_.ons_. o9 flight r.ezesr::hin tho a_enz of meteorology ,,

_ _ (cloud seedlr._, tht_'_derstorms) and astronomy (eclipse obgervati'on, .et:'.)Ir_ght
t

eS be mentioned, ":. - _ %"

(_'" : /

v- WHY SPECIAL AIRCI_Pf
:..--

i .ho.7.,7.th...,..°.on.,.:<,><u .
-;_'_:_e7 _ pr_xtuction aiIc_aft, however, in many cases, a _d_tl2 modified production

_,, 28 - <t"gi_cr_ft O.V a-special.aircraft _s rSquired_JA-special aircraft is usually

_/fr_.. ~ ] • : - _ I_ +" _ I .; 'J .,
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?. obtained to (!) extend performance, (21 study a speclal-.featur-e_ (3) aid the . _ -" "

2" deve!oN_ent of mission aircraft, (4) simulate ft,+ure alrc:'aft_ or (5) because

3 of a lack of a defined mission. These various reasons will be discussed in $_

4 detail later, bug some general intrcduetory remarks are :in order. The first J;_

" .,= . y hlgh developm_.nt cost,0f high-perfbr_nce =_ .'>:_-_9 three items stem from the ext+'_mei . _ ..

"6 mission aircraft. 8ig_: performance with efficiency, as required bya mis_lon _ . :._

'.?L-,.
7 vehicle, is extremely expensive"_both in Sk[li and money, i'_ is much less. "-:" _-_

8 expensive to_provide this perfomnance ].n a research aircraft whici_ i_ not =

9 required to carry" an appreciable payload or to operate at a high level of '

i0 : efficiency._ In the same manner,', a special feature, such as _onf_guratiun_ .' _- _ _k-..._

ii propulsion, lamina.z-flew c:on.trol, or .control system, e.an be inve_Igated using ;. ;_-._:. °_-

12 a special aircraft without having to commit a mission vehicle to_ design. _- _.._ ..[_

13 s_--cial._ai.,.--_raft can a!_-_oaid in the_ development of m.issionalrci"aft in ninny) : ' : _ :'

14 : ways, !ncauding_investigation of operational procedures (re:_: :;1, aerodyne.mic -" :_i-]_

15 .'h_ra-.%_rtsti_s (_,_.f. [_), and propulsion (ref. 6). : _ --?_ 4-. _.

16 Another reason for special aircraft is to-_nable the simalation of future ;. _-_

17 Salrc_aft. The sp_.eial aircraft may be designed with a great degree of flexi -'< _ "

- _. {_

18 bllity in, order to enable the stimulation of a wide variety of air6raft and ape, _ '_,,_'[

19 _thus, versatile general research tools. '_ --:-;_1

20 TP.e flnal general reason ._hieh has justified -the building of.a _-esearch- _ -: c
'-. _._ = . • -_ _$

21 aircraft i_s the lack of a defined mission for a particular flight regime Which -: -_ _:_
o _ '; = __- _71"

22_ it. was f_it would be of future utility .when"more was known. F,xamples'ofthis -_: .'L-:i?_':._

23 'm_ght be the ___71and X-19 aircraft. At the _ime it.was de_.ided to build the _ . .j _o:_.___..__

_,:_ ' , - . _ . '_ , . - . ° o. _ _,_-'--.,:,_._..X-I there was no missioD for a supersonic aircraft_ but after _the X-I achleved <:_/_;;..-_a_'_'
- . ._ - . __-_'__-,:.,..'-,.:._:,._,,,..

29' :supersonic flight it ,,as found that supersonic air_)raft w_re a mi_llta_y aud_ "" _L_-'!:"-":_!<%_'-

,2t_.,- _ possibly, a co:merc£al necessity. Again, in the case oof the X-15othere..was nO, "- ._;,_g_

27 establishedmissionfor_ hypersonicaircraftbut it was apparenttha_ta. _; _ .
- . - _ " _. ?_'_,z_"

28' .....number of p0te_tlal . sLons.,c0_idus_ thel re0eaz_h Inf01:matlon .gene_ated.:b/...._..o_._:_;_'-_<_5,
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I such an aire_mft. '_e X-ip has been flyJn_ f_ 4 years-now, ana, although _h_

2 m_ssion vehicle is stiil iil-definc4, the X-19 wor_. }s rrovi_i_(__,mu:h valuable .- ?

3" research ini_orma_ior, in a sPee_ re_im: unattainable by any oth*;r ai:'craft. E,
% o

d 4 Of" "_,'"_ a sp_ia.t aircl_aft ".tillusually be _btained for a :,omb3nation :"

- 5 of these'reason_ thai, is_ higher perfo:-.._n::ewill net be obtain,__!for it,-;own !

_" 6 " * _" but to exter_ configu,_ation t_"*s '"sa_.% _.__. or _o obtai:_ structural or ._ro JL;_.alna-L"

_,. 7 ; informaticn;>for a minzion aircraft. In ih:,_ £e.per it is in._ende'_'to limit
!

_" 8 : conside_,'ation of special aircraft to th_,se prinmrily int,,ndea for a_:,_lynamic !

" " .... " )I

_- 9 _ research-Zhigh pe__formano_ sp_cla! aer_ig'nami,: f_:atures_ and s_i:]a*ion of

_:"-lO- _-future air, raft characteristics
_fi " 0 i
S-

T'_ES OF ftP._IAL AIRCRA_ : !
f • - L/ :: -,

_' 13 "- .SpecialAircraft for Performance Improv._.ment., \-\

2? i4 Al_._ough fnany varying perf_mance-exl,&nsion areas exist which might require

_ 15 the use of a spee_al..alrcraft for researeh_ as_ fbr example, ,,vel_':ityor Math

_ -16 number:_ altltud_,, d,_amic pressure, duration, t,akeoff_ and-st:%tctoral n_as

c_-. 17 fractl6h,_the present discussic will be limited to speed-and altitude

_F
• _8 .,improvement, since these are" the factors most eo_nor_ly in dema_?d. _"

,_ 19 o Probably the most we].l,-knc_¢nseries of zpeulal aircraft obi.ainefl For - -_"

"d' 0 "- _ 'Q
_, 2-0 perfotm_ance expl0ration have bee._,the rocket resear,'h _ir..rait ,re.,u_ting frcm

"' " research a_.#_lane program, This program '_[ .."21 _ the ,JO'IntAir Forc_-Na_/-NASA (NACA) " -"

_;_ 2_ ..(ref_. 7'_to 9) wa_ l_iti_ted towaed the_end of Wor].a War II with the prbcur'c-

_- 2"3 _' ment of,,the_X-i airplane l'or flight tests _n' the transonic speed range and h_s "_

_-,2_ . 9ontl_ued to the present X-I_ project., Figu:'e i gives a chronology of the , I

_' _5 p_rformance achievements el' this series Of aircraf._ and indicates that in _,hls

--L._&:_ -:- tlme period i,_i_'_y, nor_mlly p0ssessud a 3 'to 6 year perfolr_qanc.elead.oove-r Service

_-'L27° alrcraft. It Should be polnte_ out that special aircraft obtaln@d _or per-., O (_____ ,, lJ l *

.Z _8 fol_anee improvement are u_ually considerably more expensive than •those
°,

u
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I ootalned.for other purposes. This usually r_sults from.the increased perfnr#_nee //

2 requirlng slt0u/taneous advances in llel_ydifferent fields of technology, _uzh as
_b

, c.

3_ aerodynamics, structures, l_:.te_-als, and pr,_puision. The n_cessity to keep

_ costs at a leve_l consistent 9ith_the research purpose of the alrcrai't requires .

_" 9 many c.ompromi:_es and much ingenuity. ._:ima,?N eases, desigh and operational

- .6 features are uti2ized whi'ehwou_d be comp!_teiy una'.'ceptablefor a produotion

7 ,.aircraft. _ . ,

'8 In this regard it weui4 be df inr.ercstto :'eL,sider the X-15 aiuplane a_ : i

_' 9 an example of a speci_.lair_raf'tfor p_.rfo:=nanceexpansion and examine tile" " 1

: I0 "_-:_slmp!iflcations:an(_ccmoromiz,_suhi:'hwet'%a.'ceptable in the"absence of a " ' i
O i

ii serv__'.cemigsion. The-.X-i'..p_'._curemcnt wac initiated i_ 19_,_" !n o'Pder:toqytend "I

12 the cag,blli,ty.of;f_llghtr__e.a__ _ -o.hto hyl,orzcm_''s)e_,']sa_d _!_[tudes"* above +_he

13 sensible atmosphere (rc.f. &0). Thf. oriEina] flight resear_'h objectives were

14 to investig!te: ';.. "

l_ _ Aerodynaml__"and ztru_-turs 1. t_,.:_....___N '" "

16 Hypersonic stablliLy and ,:onLrol + " "

1.7 Contcol at iou_dynamic preccul'_" .
c.

18 Piloting problems

19 Landings ;, ,, ',3 b

20 Aerome&leal factors ..
_ . u

• ":_1 It is obv.loustha!;these obJectlves wore orlentc_lbo_;ardc.xrlorat,0rY evaluation
o £/

._, 22 of tl_e desigp., an_ the conduct of 're_ear_.h on th,.,vehi':le and crew i_ -_his

"i' 23 , higher,performance environment. Consequent!y, as l?rcvious_ ._ndlcated,.a ...
"i _4 ' premium was placed on s,implicity,"reliab_i!1.ty,and ingenuity,_inorder to obtain"

, 2.5, an acceptable research aircraft as early _s possible and at a reasonable cost,

" iI_6 _ Figure 2 shows an inboard,prdI'ileof the X-ID wlth notes Indieatlng some_ .

_7 of the features that.were acceptable;_toa research ai,:_raftbut that°wouldj " _i_ 2

J U ,_

_'_ _,8 probably be totally,_unaeceptablein an aircraft,bull; .for.:,Servlce.use_-exc_.pt, - - o.._j
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_. i "perhaps, for _ very limited_ specialized mission. The use of the rocket en.glne ...

_" 2 allowed the use of a nonoptimized configuration, thus avoidlng the necessity of
J- . -- |

_:_ 3 a long, exl0ensflve_development__-_rogramfor a hypersQnic air-bv,eathing _.ngine

' 4 and enabling the use ofa more or less conventional aerodynamic con_figuration.

5 Mo=eT--c££icie_ta_rodynamJ.cconf.Lgucatxoushad been pvopo_£;d,buC wu_['dliar,:-

-:6 required extensive and length_ wind-tunnel test aud development. AJ.though an

,_;- 7 efficient ,aerodynamic configuration and _n alr-brr:athirg engine, or even a more
L= :"

_" 8 efficient rocket, would have greatiy increased the range,-.duration,and payload i

9 of thd.',X-15,the project cost and devel,opmenttim_ would have been doubled or ,I
J -- -"

°_ lO perhffps triple d. More important, there is no assuranc@- that the part_:ular "i
l

[ ,- ,_ |

_ .ii configuration or engine used would_have-a mission app]icat.lonafter the

_ ' 12 : expenditure of this time and effort_. ,, . ..

" 13 The use or' _ir-launuh{ng is a{i example of an operational procedure_ ,_ : ':
i.

_ 14 acceptable for re'_eareh aircraft "}_utusually not economical fo'r service use,,,;_,

_ .
_: 15 that has a considerable 6ffeet oi_cost, simplici_y, and safety. In o_der,to'

O

f--

16 obtsointhe same sp,=cdarA altJtu:leperformance [k'oma ground takeof-f,the X-lb ; w-

17 .would n(:cd -'cohave a mass ratio \WE/ of at least 1.5' .,?,t2Jr:adof' i,_c 2.2 w_.]u,,

} 18 _,, that is sufflcient-_Ith air,-laun,;hlng." This wda,h_ rc_uire a much lur_,er a_d

. 19 effi,:ientairerat't_and.aoald bc-a .much more diffi.'u].t pro_;l_imof struclura]

20 design.- _Air--laun:ning.avoids the dangurs oC a-_gro_md i.}_keoff usin#:rocl-et-sall(l_o
u

21 permits use of a si_,Ip].e,rellabie, ,_,ravJty-£at].landJnc, gear and a,,Jettlso[,able

.<. 22 fin for stability, beth features whi_.hwou].dhave been greatly ,.:0mpllcatedi_

: 23 ground takeoff had 'been utilized. _a_"biierexamp].,,cof bhe simp].e,r_-.liable i

t 24 * systems {_t,ilized are thu use of 1,?ompat'atJw_l.yJ,nef['fci'_,r,t monol,rOl%ellai_t _H_O_) ,, c 4

' 29 l'eact_on control systems and.the dualizcd stabi].Ity at_mentation sysfiem'_lith o

:) "_6 _ _aii_adJu_table by the pi].ots, ; , .

i' 27 ,,, Similar requirements of simplicity add reliability apply t_,%he research
@

_. ,,_8 instrumentation util._zed on the research air::rafb. The instrumentation should
i

_ - -6- ,, ,,
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-i_.. _,be allotted sufficient weight_and volume at the initiat!,m of the design to ....

_ enable the"use of adequate instrmtlentationto obtain the _esearch information- _, --:-,_

.. . ., .].... :<...--./
3 requlred.. I_ the l_Iterest:s:6fveliabil"l,, ty, previously deveJ._l_,edznst__m.,.nta--.,._....... _ <_ .,,'_"

4 . t!on should be,ut]_.izedas much as possible; the use of '<experimentalinst_a_ -;_ , /

'2 /?
<

' !i fi /'.5 ments in an exploratory'flight program on an eXpe_incntal ai.-eraftwith - _ ,
h I,

6""' possibly a dew.lopmenta!,engine'may reduce the_probability of satisfactory daSa,, ,.

'7 td the vanishing, point. In-some 2a,_,=s, it 'if, lot possible to utilize .standar/} ;/'_,
-' - 11 .4'

'8 instrumehtatlon; for exa_p!e, in :+,'heX-i} _tandard NASA (NASA) !nst:-amentat!qn _,
H

' '-' "-ithst]ndw_9 was utilized buta new airflow-dii'ectlon senso.-had to b:,devc!operlto
• _ ' H ' :"

i0 ,the aerodynamic h,,:atlng".This !nstrument_ ,howdw-..r_was not ui_]._z,_;/_on .the i

ii early X-15 fllght]g;i_i:;ta].latiunwau delayed unt91 it was uhor_ugh].yproven On

12 the g#ound. It was used on a r;_.'_mbe.rof nom'_-Itl.'a!X-15 f'!ightsD_r'teat • i

13 before,being used on the higa-'Fe_'to_neneeflights fb,_whi'cI_it wa_";__btaxned, ,, I

14 - ,_ Even on"thece flighi:,s,ba,__,,_l,pr6_'t,dureswere developed (ref. !l) fo_ USe. [.

19 f;houldthe ins1._uJrlentfail.• , '-" !
e,

16 Although it.is not'intehc[edin Lhic.p_p<:t"to degcz']b,_-Flight testing

"_"_-_': pr:wc.durez, ,w.h't,'hhay,.-been covered .J.ngceat detail In a mMoe_, of texts and :_ "
i' ', v

18 reports (f,u ,-xampl@ furs. ]2 to 14), a word might be said with regard to
., ,,

' " and perfotnnam'eexlnn._<[onin p_u'ticular..R"19 • l'Light l..est tet'hnlqu,, in gc,l_:-ra! i

20 gufdlng rule For a]'l expl oraf:ory ;].ighb t,estIng ha.. b : :_ ..p ,. ,.i-_ fn '. ementa] ].y ,_ "_

21 to the _,.reatc;% .,.,xit.nt poszlb.k,.,. It is_ of_cou_'so_ .nol t',oz._fgle.to insure ,,
,. J ,, ,

2_ complete safct.,.y, t'o.t im.eemuntal t,[,-stlng by capa_,/ic fi!_lght ,_rewa "with '_ t

'C. . - u ,

23 •'- contltj}lous, ,"aI)ablc_ ,lata ana]y:_J:; lncum, s, ti_e -].osc st appr_a,'h to-, oomplet_, ':

24. saf:d_yfea_Ibl4 l'n'ti_isimper£e 't w(n'Id. Jx_the c.as(._ of X-15 perfomnanee , ;-_,

25 ex1_nsi'm, flig}rts to i_crt:azedspeedn wet(',:interspersedwith flights to

26 ht',.'veascangle of _ttack, to obtain stability derl,mtlves, and to obtain ; ":

.... "--A( , , -

=197 aerodynamiq- arid' st,ruel,_Iral-_i_i%-Ing,,_ Information. The same was i'rue,in the ,,I' c ,, -_2'

i the ......
28 case of altitude, expansion. Similar _pproaehe.n aI +,-Y-'J- ,, e of ,tither. ,, _ ""' "_'"

.2 _ b ;i,_,'', ",Y' " '; •

1965076147-008



] ", ,,

.. j, . r, 7-- J, ,_

" "i fllght _re._ea_'ehareas, for _xample,. references I_ and. 16 which indicate this

° Of couDllng and _irectlonal.,,,'2 approach, as- applied t'o ifivest_gati_.on/ inertial :.,
- ; =-.r , / ,

S stability. On oede,_ions this ine(_emental .testing philosophy has"been ....

i_ L- insufficiently well applied and incidents and/or aeeidlent's have occurred
/ ' - ' L

9 ''_ (refs. l'i and .Lg). In-recent years the uLe of analOg: simulatlon and gnslysi9
-- r , jl • ,

"6 " has Seed of tz'emendous assistance i.i the performance, of-safe 91ight testir_"-,
, ? ,.

7; Its application fin the X-19 program!ils de,'-"ribed in: referencee 19'_nd 20. :'

8 " After the perfonmanee-expan_i_n aircraft has .completed Its-original ,,

' /19 mission, it is quite ,possib!e,t_mt/its..,useful li%;e has not. ended. It/is ,a ,,
/ ', , // - ,

i0'" developed aircraft perhaps pos;_ess_ng perfo_nance ea_bil-it_cs appreciably -.

ii better than"any other contemporars' air(._afg a_ having the capabi].it$ of

12' ' ca,rryi_ a good inst:_/;nentation p_yload. I_ ._s logi:-a'!then, fo_ simp].e ..

- '; %r '

iS ecortomj, to;:<.kaN,ine oth6r mean[, of'mah',!igu.'-:cof this researqh aircraft...;,An
- c ,," , '

,,, _i-_ examp],e 09 such al;plication is t_c X-15. Three,.years after :.its ,firsf-flight

15 ,, it had d_mt'ie_e,,.., it _,,origir_l missi.'m; how,..v.,r,itc performance eapabil_.ties
k, ,V .,_,, u _

_.6 have l_d-to its u_ilization a,_'a facility £o:" n,,mc.-,¢us'investigations ill a

17 wide range q_'..aN,;a_such as/aercxlynam_e re._-ear,..h,_n_;b_ding aicflow zhara;ter-

18._ Istlcs_-aerocl_amlc nolse_ " and transitlo_k: p;'o;,)ulsi(,nsystems; hot cIJm/c%ur,es; '-' :;

19.. L- space obse.:¢vations; environmental m.,acu_emt:nts; an,l hl:_bsystems dew,_loI_nent. ,,

20- Although" many of the,']e,_'nvcstigations requ.Lz'erc].ut[veiy ;emall m_lifieation .... '

21 _to the airplane, the X-i'_ was @ugf_clently promlc]_,g _I, this utl]ization"%hat /-_%

'2,q it was de .,±de_l ....
_e' to rebuild bhe X-lb-_ _ airera,.l., fq_low"_np It[: :rash landing, to,

u _' v

_-2B , a higher-pe;'fomnanig,,. eonflg_u'ation _'/b2;_.zj_nd_.,d_rtCs_,ar,.hfacility.,capab._-_ � )è���les.,.:

:_4 It now appears th_/t the ut{iizatlon of thd "l;hrei_ X_I_ a.Lz'craft in this type Of

- it

"29 special- aircraft work wl.ll_be of greaber du.ratloa,than the program /'or which "
t, ,, " -

26 .they w_'t'eoriginally obtaihed. _ ,-,: • '._<<,

.,y ,.,
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.... ,_of the s_m_lest construction_ and utilize readily avai].able components• Since

" 2 - de_ierminatlon of low°sp_ed fl_ght characteristics was the goal of these pro-

g_ams, -It _s,,unnecessary to have more than a miniSum performance ca_M_iiity.

I_" This was provided by t.owing _,he aircraft to altitude and pe-_.forming the"tests

in gliding flight. ,In erie,_ to keep costslow and minimize danger of pilot

6 ' injurer, the wing loading was kept'as low as possible. With the paraglidinb it

7 was possible to" va_r the wing loading Sufficiently to cover the probable r'snge

_8 Of some _ppli<..ations; however, the M-2 _,_ _ i'__..ng ioadir_ oerhaos Only one-fifth

'/'9 or one-six%h,.of that to be expected of a mission vehicle. This ,elemen'u of
_? ',

! :'O .compromise in _the configuration was felt to be acceptable in an exploraBory . : ::
| ,.x

i II progz_m such as tllis.G V_

l •
• " '12 _'Itmight be note'd'here that the more lighbly loaded" vehJele_' are probably,'"

., 13 o 'considerably more difficult to land than they would be if" they had the same

i 14" aerc,dynamics and higher"wing loadir_s. Thi_ _'can.be .see:_by ref,_}'ence to

i I_ figureS- _ and;6 which indicate the effeqt.--,.of l[f+,-drag-ratio an_l@Jng loading

, /2_ /

16 on.the2 .iandiDg maneuver when perfq,vme:lat a constant f]_are._.aeeleration of

17 1,6g Increasing wi'ng ' '.....Loading ins r'case'Jlla_ _ .....pe_.d._.xn_r.a_,e.the altitude

i8 required, increases the tJ:me during th([[.,f,,l, ai.-@ and inc:-eas.ec the t im_: avaitab],:

19 :" between_t'i_e end_bf thc_..f!are.:and&Ouel_rlown, Lift-drag ratio has a rathe.t'

_O small effect on landing _peed, but few ] [.ft-dreg rat/(> l:r_-,a'l,y thor, aq,.,;:th,-
,i

q

_:_l altitude required and tS_4e _equJred du'rlng liar., and greatly t'c.d',.',.£;the i line
,)

_ b_tween fiare completion and [andh_g. '''_...... _ ,' " "_ " "'_ .'hess" _.ff(.,_ .... #' l_lt-_,'_,,,,'; _"d.[:_ at',-
. ,, , v

_ most pronounced at-the higher wing l'oadi_gt;. I,t "t's appat'l:n*:/_h__d, an air:'raft

,, _1_ ,, having a wing loadlng of50 ps£ and a lift-dt-ag _'atlo of _.t_ wtl [ 1nit, lute the

'"' _5 flare at an altltud,- iO t.l.mesas high., and have !_ilmt :_a:: ,m_Jh,/timo t],pcvForm.

_ the flare and adju[: t _he 'fl.tgh t t_l,h,..fo_' the: l',__nding a_, f_r a _'ing loa,tlng ',)f "

_8' _" "' " - _' o ,;47": Some flight data illustl;atiw; Of these points "am- _hown in ft_,:'e 7 I n '_-
,1
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'] wi_ieb. __he ].and.ing f]._'_r,_s q_" ,-,, tmmber ol"aLr-raYt of vary-tnL'-wing ]o_dingr

r. . '

-2 are c,mlp'_re,t' ,%].]• bu_{, ti,e t4-2 wiL.h hO p:;l' wing loading are 't']igt,t _]a_a, _" •

3 The increar:e in thne av&il_blc f(w l._n,t[n(_/!.3 very evident (_nd vcr 5, mucl,

!
I_' appyec_ated-" by tl:c p.;.lot' It',uar; decided to utiliz,e a low Uirkg]_oadlng on {

: 5 bhe M-2"'becad_;e it war'. exwe_r,t that 'the M-_',woulcl be d]l'f,.tcu].b go fly and i

_' '6 it _,.'ande,_]reil +,:).redu(,e'risk of p_lot inJui'y_ in thi_oxploratory pl,a:'e,

'7, " :i
' 7 _ by Keep.inK, the l:%-ding .;_'-e,t a_; low _'_._ 1)(,,r,;bl," 1.,o

• ,_9 . " It might b_ of g._i,e,.aiintezvr' _(, ,;_..:',,)u,qtthC co_;i,fo.r the l'ircd,I_?'months

'_ '10' _.f these tw¢_ prOjeCts as ce.prc::;,-,l_i-,ati_w,n of' su,'h cllnl/l[f'J','d at.proacheg to

ll f]ighi, t ._.'),;ing (a]_ -_'_ ", "._ r(. " ' "-' i

" . , _,u,<.,-, a a'pp_')xlrmLc.) : -" "

12 -_rart'cev g-'-__. "
. 2" . ;

' !3' 'ro_a_. ['].tgh4,. -, (,,;rout,r] a:_t. air tow) _()0 ? ?0 ? i

' 1i_ ][;:-h(m ;" mon'-hn_.ir.<; ._ _]1._;_#,. .... "' _270 '- ,

15 _-)',.qt ,.,.,':t ,_ &...,:,9lJ ._1.'7",tdO . {.

l_i': 'L"r;!; c)I..::'al. ; Old" - ('b ] ql " "] ')'_; ;,O

19 'l"h :'f' '''_ J''" !r) il.>'. '_li"_]l_|(tt ' il,"'"r,5 ' o,[ll_Pll;"iit +h_R!,-_'f,;/ q. Vfj;'l:i!, 1' "ti-hLitl;:t:.. -1

_0 /_iI] d,) 1"1,_t, ih'['i' ' _!,_: CV,._rt;':-(I '.':'!:: tit;-tt ;t O:'['¢'t;. <_ :;';,II:.U:_,, '_,";_,' ]'_tl,'.,'_',? t"_ <;
<,.. ._ , ;; , ()" '2

t)

_.. , r),Y/','i .(, ,',/ ,qtPu._",,i P _ :.r i :,, ,<._.'I '"l" [ ;i, ,_7' I.'F _ }"l:'. ," :" ._" !,"".., Uh! _,h,"f4 '-.._
// - _+

t

+

- __}, ,:Iv,,tD,. mlt_, t'J] _<_-'t,_tl].','"rJ:A't _1_ _h,'. "(o |.'r;sF_'5.1ir.l '._I-1 m'.:', ..... "!._ :q,pr._le'h ,

nilP.c I _li v,.l,lc±',_:" tlb .Lh, [ r _', ,lU/l'6.rl,.I1: ;.; "lp "t) ,'oh:J,>quwnt [.,') w] ! 1 b,..:_ib._tar.-.
'txu ? "

I!7 7.lall.y tn,,rt," ezr.'i:rtv, , 'l'h_. n,.xt.., :;',,'p .In the, .lil'ting-la_t_, }',re,i::'ilm-_,iil.._,,rvc ;j

. I'P _1

; _8 t,_ Ii,'iu_t,,.at,_ this. 'i'!,-.uext pha'.',., n' the,.llrttng-b_ly air"cht't m'aJuat_w_ll .....
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i i " be directed t,owardthe investigation of the effects of ILighwing loadir4_s.

_- ?-2 : The aircraft will have the eal_bi?.itfof being bal;azted fr_e,a wi_ loading

"' _ near 20 -psfto a wing loading in e:.:-_ss of 40 pzf. In these tests _t will

4 still°be operated as a glider but, in obdex'-toimprovesafety and simplify :

_ :operations, the:'aircraft,will be launeliedfrom a B-52 (the same oi_eused in the "
?.

'_ X-l} p_ogram). : ,

r •

7 In ordc._"to kc-epthe cost of thzs hea_eight, higher performance ai.-craft
J

8 to only one order of magnitude greater than the lig,h_tweigh;M-2, it wi_l be "
Q

t L,

9. necessary "t:o employ unconventional techniques. •It is no_ intended to employ

10 normal higlflyoptimized aircraft _lesignand const_action procedures but,"

i .ll instead, to apply well km=,wn, pro_efi,and .relia%le'technfquee, compo_ients,andi
|

i _ meth_Is to bring the vehicle to full flight test ._ith.:aminimum of special

i'" 1_.: .deve!dpment, paper work, or fo_mmJitE apd w',th heavy reliance on experlence_
• • % ,'._ _i %

! 14 _engineering judgment. The aircraft will not be "required to meet the usual<I :
l _ . . - ,

: i_ detailed service speciflca_on_ at_1.therewil] not be a requirement for formal

' 16 data_and drawing su_zmit-tp.l.Maximum use wii].be mad,:of cystems and components/

| v ¢' " "
!
• I_' available from :)drviaeinventory. NASA will be re_,onslble for all aer_ismami_
I "41;- ,I I

I _ work afld wil:_/ma_ntain respbnsible.engi.ueeri_gg and inspection representation
,- / 9 "_

t "• )/ •

I " 19._ a_.the }oh_i_ctor's "p_ant. .." .- ,

•. _0 ./'ThosePrOcedux'esare acceptable for a configuration resea:'chaircraft .
./

I _,"' j_.r0ject whore,high pel-foz'n,_nc(,,stmlctut-alefficiency, and subsystem optimiza-

. < ../ { ' , _ ": . ,, " __I /- tion-are lleJt-equired a.i,l'_hereonly one or two alr_raft are-going to be bllilt

_)_ for restric't_:du_e. Th_.se_procedures should e_able-the p1"ocurement of .these ,

/ ,
" _b,., aircraft ?s-_roaf2 a fra,Ltionof %'he cost if conventiona:lprocedures were

:: q'> ' _ " " 4 , ' '

1_,_ , utilized. _-, .. " ' .'o

I , < , - " o

:, _6 , Befor_ _J.o__ng'this discussion of configuration special aircraft, 'it

_ 4 mlghtLbe well to,emPhasize _evera].point_'. The conflg_ration special aircraft '_

$8;. should have as:'lOwper_,'ovmaneeas w'ilia1.1_wthe obtalning of ti_erequlred

.... , ,'+ . , , , ,.
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I data; if the performance approa_hez that of a mission vehicle, tllecost will _,

2 al_o. Keeping the cost down _:willenable the t_stlng of more eonfig_zatlons in

n

S a f_xed budget. Good,-eomplet( flight inst_Amentation ar_.ground facility

backup should be ut$11Zed to ermble the best possible analysis and Interpreta-

ti0n of th_ flight data for extraPolation to mission alrcraft. In thlz regard,

6 the aerod,,rnamiecohfigurat_on should be zompromised as lltt-_f_s possible la :
c

• 7 order tlmt the results be of g_gatest value%

" • S "_ Special Aircraft for Flight Simulation

'" 9 just as all new aircraft are to some extent configuration speaizi a_[_r_:ft,

1 c_10 all spe¢i_l _i,_craftar_ flight gladiators when vi_=wedfrom the steJ_4pointof a

! _I possible future service ai-c_afz uti!izirg a feature of the spcci_l alreraft. • _

• _ . _ L O} 12 In tnls section# howevert' it is mn_e-n_Le_ treat orgy,those .types of spe::i_i
4L

IS "hircraft utl!ized _,;peci_cally for si,._ation.

I_ Flight simul_tion ls used to Inv[,st!gateeha_terist.i,_s wh!eh"eaunot be

19 adequatel_ iuvestlga_ed "n ground facll[ties. The inadeqt_?ies of gr')und !

_ fa_'ilitiesUsually result from their inralJilltytoa!,[.!yall Lhc proper ,
,L"

', o

envirol_mentalfactors to %h_ aircraft or, to the F!].ot,all ".hesensory _ues

18 which he receives in nonmal flight. Quite _ften the ground faell!tles supply(,

19 some sensory cues ,_crzectlyand others in a eontradietor__ fashlon_ thus ,_

_0 raising,ther_l of flight tests for verification of conclusions. In other

_ cases, t,i:c_imulatlon is Just: "beyond the oapablllty of'ground fac_lltles, for

" _ examples..Zel_O g_m_nd callonly be done In flight.

_ ;_Fli@,t sl_mia_lon _s mos£ _:ommon!yutilized in two areas: perfolmmnce and

_ operation, a_idhandling ia_lities. Both of these areas will be discussed but

..... _ only In general, since _'nse references exist ,in each area.

Some reprebent'_tive_xamples of fllght simulation in the performance and "

::' i_ _o_eratlons area _ie tab_lated in figure 8. Tl_euse of the F-IO4A to_ simulate
,, b _ u

# • ,,

_8 the ian}liILg"ofthe X-l_ for ._ilotprofielency 16 well known (refs. _i and 2e);
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1 however, the other s{mulatIcns m_ntionc_/ are less w,:li kn(r,m. Theee was some

R doubt as to the p:rfo._manc --_equlrements of tLe X-20 abort rocket, so th_

B Flight Reseat_.h C_nter r_rfor-__] _v inve_ti_ali_n ('.'ef.4) utilizing the F_,D

d,l_ simulation, the4 aircraft to sim_i .- _h,-X--O r-.r_"_::_irLq%he ubort. In _"-

. ..._..,_Tc"i _..th,: gr;_mfi a:_d then Full.:d up into a

6 ve.-ti__al?l_- _n z_zh a _:L_-er the'- its gp_:':_ ani altitude.matched that of the

7 X-20 at abo.-t rc_:ket iu._n_-_t. The _SD lift-drag .:_tio was aiju_ted at that

8 _oint to mn.t_h the X-2._, and the p': "* .:._.o_,-n_dthe _!nr_c_d -e,.3very to a"

-- 9 landir_ a% the proper g_og._aFhi:al l_eati-,n to simulate the _k_.. _,__xp-"-"at the
e

IO k-20 laun_-h :;iT.e. By [erforming a n[mber of zu:h maneuvers un_e[" vacylng con- •

II ditjons (inzluiing restrizted vigibi!ity), it was _uszitle to est&blish the
'" C

IR abo_t rczket __oui. emc._ts

13 _n the case of the zupersoni" transport, iL wss desired' to de+..."r_n_ne _the ,

i_ impact of this t$_-" oC hit_raft on air trai'fi: con_rol in .the +erminal ar_.n.

15 This wa3 done (ref. _3J by utilizi]_ an AOA aircraft to sim_l_te an idealized

.elm,r,£] ar£.a16 supersonic tmansl,ort and flying it in ar.,[out of a :ongested _ " '
#

17" (I_s Angeles International Airpo'._.) udder normal air traffic conbrol but -_ •

18 operati,3g as the supersonic trinsport would b,, eXleeted to operate. By ,%sing
:

19 this a humber of times under va_'yinz qondition:;, some of the u.-itiza.]areas of

,, '20, supersonic transport air traffic control operation,s were cstabli:_hed. ,

_i ._ The final example of [_erfo_n,:e and ope_.ationz simulation is one that"-is

,[ _2 b(:ii_ considered at, pr,:cent. Tnr, X-Ij hag ycrf_z'ma;r.'e,:a]abi]itiez appeoxi-

_3 mating those require% of an aircraft-iype ,-,:c_v,:r:Abl_:booster and, cons,:quer,tly,

_4 qo_!d he used to si_alate su¢:h an airc_af:,'. P_:ovislo:,s aue'belng_In_'orporated "

25 on the- X-iSA-2 fpr t,.ui cz" sub-su'alc air-b,'_a_hl:,g _.ngim.s on such flights "u
u

26 (ref. 24) ,

_7 The use Of flight _Imulatig_ _' i:reest_gating handling qualities has a
,_ o . "

_8 long history. Figure 9 l_diqates some of the. work that ha_ b_.cn, and is bci_g,
u
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-- i done in this area. Referepces 25 to 28 are representativ._-of the work bei,_ : -- !

2 done l'nth_s ares-. The only .example of this ts_peof simulation that will be _1

3 discussed is the latest_ the general-purpose airborne Simulator (GPAS), which

1_ - is as yet only In developmen'c. The usual airbor_ie simula%or is a _,rariable- -_

; 9 _ta:'illtyairplane which has been mechanized by use of a response _.eedback

6 systemto provide any desired stability eI_rac_.erlsti_sby drlvlr_ tlm;ai_lane

"" conventlonal stablllty7 contcol surfaces in th_ name _nneras is done by <...... " _'

8 augmentation systems. Eecem,ly.,a more advanced _-oncept_has come Into use
c,

9 consistl_g of the use of an electronic m_lel "to control the aircraft. The :- .:

i0 CPAS is of this=type. The GFAS project is described in some detail _n _.,_
;

....... !

ll reference.98_.and the a];craff .isillustrated in figure 10. The _ircraft is a '_ I

1,_ zmall subzonle Jet transport whlcg,will-lnconporate-the model-controlled ,:

; _ • ,., J.Is%laydriven to repre:_ent13 siv,u].ationsystem, a variable-feel syst_,m,and a

14 - the simulated air, raft. The':aIleronsj t_.ddea's, elevators, and engine throttles
5

I_ are _ontrol] e0 by the sinm!atiol/,system.. A hyb_:id_.ombuter..., -_1-_ha eapabill-ty

16 _ of providiff_a m_el rangi.ng in complexity from _wo degrees of freedom to six

17 degrees 'of.-freedcmwill be incorpo:ated_.. 0..

i_ This simulator should e_abie "*he p:i.lotto egaluate hahdlitg qualltkes,

c

•<: =19 control feel_ display, and to some t.xtent°performanceOf th,,simulated , _'

': 20 aircraft, it is pl.-_nned-t6use this s_mulator Iin support 9f _he sjlp,ersonlc-

2]. tra_.spprtprogram, _'or-the deveiopmenr and validat!on dP h_ling-qua!i{les
,¢ . - L,

22 criteria, evaluatio_iof pilotlr_ problems, avd _ "investigation of pilot treining
t2 x_,

2 . ?_ o

23 _equir_.ments. , ,_. '_

A PHOCk_URE FOR°UrI%IZIN_ SPECIAL AI_CRA_ '

26 F]._ightresearch hls long had %he reputation of b.eltN%,hemost .expensive
.. b

I -27 form o£ "aer_xlynamlcresearch, _n terms, Of money and time./and also One 'oft_e
O

28 most difficult from which to obtain precise daga. In receng'years_ t_ " _':/ "' .
_7
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i expense has become so large: pa!_ticular!yfor performance expansion, tha_ only

2 a few speeia,iaircraft are initiated, Where in the 1940's and 1950's it was
O •

3 ,possible to have several s_cial airc:_ft in work simultaneously, high costs

n_ force long paper studies to "ortimize" and justify the research mission

5 and the particular design. This rezults in long periods of time in the

a4-

6 Ini_la! stages where _uch pa_,: is b,,inggenerated but l_tle new Infornmtion

7 is being obtained on which to base de_sicns. Considerable study of this

8" pr'oblemas it r_lates to dew lepmcnt and pr_uction of servi_'e " '• _*' 81rc,la. _ has

9 been performed, p_-imarilyby _ani_(._*_£_._. _"',,_kO,and _!, for example), and it .:

iO appears that some of the general conclusions may. apply Just as well td the '

ii special aircraft being considefKd here. Some of these _'onclusionsmay be
{

i 12_ o paraphl_sed to state:

i c. e ,.

" 13 . : : Do not try to l_9.kedeta!icd plans and analjses far into the _

i. 14 future at the expense of actual t_.stsnow. This can _esult in %he _•

15 "" program being "commltt._edor st_i_l to d,:ath."

I 16 Avoid pla'..iug:remote m_sslon requirements on zpc_:iala:.r,,r&f_,

"' 17 but _nstead have general research objcctive_ ah,lztlck to them

18 without continuous redil,ectiOn of goals.

19 _ Investigate several promising a],proa.h_s in thr.uarly _ncx-
. 0

20 pensive stag_s by g,_ttlnghardware into tc:;tas soon as peal:iLls, _ _

21 Eve,yone can think of projects in th,.,:'ec_.nt]'estwhi"h have been ex :(:;_v,-ly

" _2 delayed: Oomc to the pnlnt of cancellat'[on,and whJ.;:::_,c.tshart_ _;oa:'_:d

'_ _3 ,ex'orbltantlythrough failure to observe_some offthe,s,,6ul(b.lln,r,.

;,_ , 24 In this portion of the paper,,an attempt wil]._'Lwr_alcto apply the_e
i!' u
Y O • -

_9 general guidellncs, and" the ::xperlencesalluded to,previously in the papa,r,

26 to develop a pr_:c_l_reof Cllgh't<re:;,:arehthal,promises to be mor,'pr:_luctlw,

27 ab l_ss ,:ostthan cum'ent te,,.hn_qucs.

_ O3_cof the first major step_:of such a program is the Identifi,'a_/ic__,_f_

" "i -16....
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I sufficiently broad research goals to allow the establishment of the proglmm

2 and the identification of the tim@-to initiate flight work. Thls _is'_theperiod

B when the general research program is perhaps in most danger of being studied to

# death as a result of insufflelent data and perhaps attempts to place vague

5 mission requirements on the research pr-gram. For •example, a broad, general
%

6 research objective would be the inveztigation of the aerodynamic a'nd flight

7 • characteristics off,thatclass of vehicles known as "lifting bodies" which are

8 generally characterized as bei_N semi-blunt, wingless cogflgurations hagilN a

9 h,ypersonlc (L/D)max near,-.11/4 and capable of horizontal landi,ng..Many such

l0 configu_'attons have been iuvestigated by various groups, and it has been
7

ll established that they might be suitable for reentry application. No .,mls_ion•_ _. i
!0

12 requirements, however, ,have been established. W]_en the_ silouldthe flight '" .I

13 pi'ogram be initiated, and what kind of a fligh.t program should it be? - . _. _
i

14" It is obvi6uz that to attempt to in-itiatc._ap_'ogram involving an entry

15 . vehicle at this early date would be diffi.:ult; there being in_ufffcient '"

16 knowledge, money, and Justification for m1,:ha ctep. A flight program limited,
-- ,'L

'_17 to research InVeztigation of tilelew,,_q_eedrange,_howev('r,wou].ilnet suffer

18 f)om these short_:omings. Once the requirement for larg,_sums of mohey is
C

19 . removed, it is pos,_ibleto ma'kedeclrio3._,Searlier when !e_c detailed information _"-
J

20 ' is avallable and, sim!l.arly,to _.arryseveral approache._ in'_ote_t to give a

21 broad_,rbase to t_ieresearch. Thus, the dec_ision_to " _ ,init_at.:a_spec ial '_aireraft , _

O' . Z22 program could be made as soon as suffl ;.untwind-gunn,.l tesl;shad indicated that

23 the a_rcraf_,had a reasonablo chan,d__°of su::cessful-fliglit. It wou-!dnot be "

24 ' necessa-ry,or,deslrabh_, for the aircraft to bc oil optimum configuratloh. In

25 fact, if two P0ten.ti_lconfigurations were ayal.lablc.,it would be advantageous'

27 was thought to'be optimum. , _ ,, _.'_

28 _ The decision 'hngo into a special alycre_t program .hasan ._mmed_._te .
_ , , •
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I " salutLaryeffect on t,hewlnd-tunne_ a_danaly_.ical programs bY gi'_ing'them a
il , ,

,_. fr0CUsiandjfolc.£_gsome attention to the l,roblema involved in 0pe__ationaluse
" Jl

3 of a (!onfiguration,.The investigators have a greatly heightened interest andi

4 ,e_thu,_iasmbecause the results of their labors a_.egoinf_,to be put in use at
•il'r r_, '.

_ , " an e_rly date. : 4: ' .

6 The flight research program decision sequence i# lllustrated in figtn'eii,

7 and a possi,blef:imephasing 'is shown in figure 12./_In _'Igurc].ljthe squares

8 denote decision poin'tsand _he clrcles flight tc_b activities. The sosIclline;_

, //

9 indicate the portion of the p_-og_'amthat is t:uY/rentlyfirvn,,and the dashed

i0 "lines indic'ate }iypothetical extensions. Only _nc chain of _ccizions is illu_.-
° , . .

ii trated; the alternative chol,:csare not tr_;cd 'eu!,:.

12 The next decision to be taken is the _typeof ::r,e('ialaircyaft to be _._on-

13 "" structed as ehara_i,erized'by i+,.spcrfo_an,_r_ rand,c.- 'rh_; _s d(:('crm_._Jedbs' the
. , , { '. f.

i_ speed range i_ which probiems a'r(,,-xpec,',tcdat,,]the ,'octof attaI!_lr,;jthe

i_ part_,-_ularspeed rang_'_,."In the:cas,:of tn,: l,[ft!r_-i,SiNLiar:r.,__t','a::felt

16 that landing and tran._oni,,_-,pf,__I..;,'q_'_:,:h,,_nf-i,'.,_,.,_,,.,&1,,,m'.,:':,;.;;.In
= - : /,,

,/ . . .... , o

17 -parti:t_lar_ lan,ling Was felt to t;_;/i.),,,,-,;.th._-,£ iLi _,ia.1 ate, _,ti:_, b_;._.a_w• il_ ,,t'

18 course/was one of the l.rir,_ry r-c_,c,)nc _',r .on::i },:_-':,," _h':" .]ar..q _,[' aire,_,af! 4: •-
{' , 'z

19 " Conseq_ei_tly, the _IP.,..;.;ion was m_,.l,; to Iz,i*.ia_,_, .._._{lb.. ;'.,.=t. w lfl_ t,h,; m.!},lm_m, _.
"

20 light'_elg, ht M-2 air,'.raft dez,'t-ib_,.! }_r}vl:n_c",.'j. TIJ;_ wac l,m,. l,.'srH,, uh,., " .,

gl knowl,.,dgn that thi. _ re;;!_].IC _'o_:./4 b_. _._'"llmlt:_4. '_,tlu,, _.....;tu;'__, _f the ].(_wwi_g
. \\

22 _, loadin_. I_ was-,,_,_it"that_the '_nfl,:_ra',l')h_aC s-,l'f['Itntly t'a,lloal.thatthe

23 test_, woul,l be a. r)ert_Uus£ve indi,:ati_;n r#,' !,_i ,;r_t!a_l.. I_ a t,ll'i,l oh', r_ in,.l.[',at£d_

2_ the cost was low _n()N1hthat £a_lu:'ewoul:,tno_ ,'au_,.;=undue (..i,nm,r,_. ,'

2_..... r_ With the _atlnl'aot,oz.__coom[&Ishm_',_..:qfthe-inltla] I']i_dtLte,ff,c of _,hic,

26 inimu_j_ vehicle, the.next phase oi" t,h,: gr,n__.ral e,;'_,ar,'h I,:'o&'ram ('ouL, t, bt,

27 l_It.iated. ThlS;,a_ indlcate_Iin ['igur(,•l],_iu _:,,,*_,._/,r_#'t{)'cmer_l,o£ f_ll-_,['ale

28 ia_n_eight special air'craft_whi_-hwill _nablu th_x inw.stlgation of the'actual
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_ subsonic flight and landing characteristics. _'It is planne_lto utilize two _" :i_

2 configurations in this phase, since the feasibility of /'lighthas been

3 estabiished by the minimum vehicle and a broader _eseareh ba_e wil..l::be bene-

" fi_ial. These aircraft will be of variable wing loading to pennit an incre-
#

5 mental g_proach to full wing loading and will be air-launched from'_he B-_9,
d

6 as is the X-l_. ,•

7 Tests of these special _ircraft wlll still leave Unanswered questl.onE:

8 .<_ regarding the trangbnle speed-range_ consequently, a third generarich of speelal .,

9 aircraft might be required. However, In actuality, It ls expected that the

"lO heavyweigh_ aircraft usF;din the subsonic test;:_will be suitable for this _i

ii purp,Jse,when retro-fitted with a ro_:ketpower)_].ant. This retro-fittil_ will : i

12 again';bera%her Inexp_em,_ive'byvlrtueof uslng available production pa_tS and

'' [i ' ,2'

l_ '; SY stems' I /_t)

14 '_r.ing or upon completlo_,of the trans-on!c-'_haseof the program, a I

15 decLsion will haw; to be made. The prog_iam can be 'Le_mlnat,:d,a more promising

16 ,, configuration may have evolved which r_ouldbe tested, .9r mission requirements :'i

,17 might haw b_km _'stab].ish,_dand actual dew:iopm/nt of a mission ce_icle have
--. _)

18 ' been i_-:it_ated,It is quit,-probablu_ in tMs latter r'a:;ethat the same
d

19 approa<h (fig. 1.')Utl].izing _ome spc-cla!air(:r_ft, will b-::economi,;and

20 prr_lu.,,tivt,,l,_,adingt(,a more satlzf,'a,;t._ryprototype at an earlier date.

21 " Th,.apprise.h,as l]].ustrate,l,_}I'pli_'_to sl),}c_alairOraft for configura-

22 tlon study, bnt modified programs could l-eevolw_,dfor other researuh obJec- ., ,
'}.

23 tires, Of _;oui;s_'.It is _ot _l'_aysfea_Ibl!-.,to k_ep" the Co_,t_to th_ low level _ |_

24- of the example _'on£1gurationprogram (probab].ya total _:ostless than 5 million - i_
2_ d.ollars)_partloularly_'in p_.r_nrman,.eexplora'ti6n or propulsion research; ,,.,

_. however, ,.Ingbnu(,usobservan(:eof th@ gnHdellnes mentioned earller-will,mlni- _•- F'I

97 mlze cost and time • _,./
, f

,28 .- . ' ,
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2_ _ It is apparent from the foregolng survey.that there will be mar:y _pecial

3 aircraft obtdlned for _arious purposes in the future. The_'ewill und'oubtr}dly
4

4 be continued use of aircraft havlr_ unlquc charact;:ristibs su,,'has the X-15
/

9- and the B-70 for a range of ,Investi_ations in th,ir l_-_rticul.arareas of
j_.'/ -

capabilltr. The X-_.'Iis probably the first e_'idtn(:eoi;reviewedinterest in

7 la Ina' -nOro.aroh flightaria befollowedbj sV,<(:i l

" 8 aircraft in this field. It _s prob__l_,that the extreme-pcrl'orman(,erequiee-

• ,_ . /._'.
'-c- _ f I9 meets being,considered, such as enf_}2,].ow-l,:_::_penetragion, VSTOL, and

i

i0 . supersonic crulsc3 will stimuJ.at_,a variety of spe,:ialalr(-rgftfor all types

: '" ii ";" of research. " -_ : "

12 ,, 'One,otherpotential devi_l_pmc_'_t_n future spe_-_alaircraft shou].db_

13 ,: d_scussed. :,Aircraft,as their size and p,,,cforman,:eoutgrew ground fa(:ilttles,
' o

,11_,,:" " have,come to be de_el-oped_and quallfied. ,,_,m_nt]al]yin flight !:.est.Th}<
t, '

!_ ' same is true of sem:e vehi,_kcs,both boost(:r_and reccntry vehlcl.<.s[Engin,}s,

16 however, .c°ntinue to be dc'¢e]'bpedan!lqua]If'led.h_r_,roundCa)i]11.[,._c,_n]though

17 • flight tcsts in ,other alr(:raft'(rcf. 6) alv_'r_ad_:,hl:'lngtee l'Inal.(l,':vc]op_cnt

" "18 ),r_ase.How,_ver,,.thetime may very we]] haw, 'arrlv,,dw]le_ _t is impr,a_.tl,_'alto

i9 peovfde ground far)illtlr.sto adequa),e].ydevelop the englrJ,s _',_qU[t"cdCo_'hiL'h-

20 performance future airt'vaft. The dcv,.lopmcnt hi'i_ l/_'g_ ramjet t,(, operate at.,

91 Mash m_.bers ft'om{_ to .30 requires a t:couudCae.l.lil.y.._J/"c.ta,_y4:r_n;;_:oml,lexlty

22 and cost. b(n_scque_Aly,_sec]ous _-oi,stdcrat, ix, st_ohl,]'-b,._ g'iw:n tnwat.d the ,,

_3 development .ol a _pe..tal aircraft for i_,-f'light dcVt:topment and qualification j
I

I)"

_9 This aircraft, in k_,.:etdng wit!}, th,, .prrvi,)us dl_;,u_._:_lon, chou].d b<. kept, 'as

96 ' simple as possible ,'onmmant with i_ts misslon. Its. :;ik, e would b_: _;u,:h au. bu .

_7 acco_modat,e one of !th,:onglm,s to bc aev,:lopodan,l,,'in•:,. II,WIIl be ul,[ll::ed

• 28 in'_a geographl_al_area_abouhdlng in landing alt,;s, 1_ h,.ed hav_: only £hat _"

i '

._ . '- -20-
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